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ABSTRACT 



According to the invention, a flat panel device includes a 
faceplate, a bacigplate made of a co-fircd ceramic substrate 
and attadied to the faceplate to form a sealed enclosure, and 
structure for producing light The faceplate includes an 
active region. The light producing stnictore is divided into a 
matrix of "display elements," or a plurality of "ligjit pro- 
dudng elements.- Driver circuitry is farmed on or attached 
to a surface of the baclqdate. The driver circuitry is con- 
nected to the display elements or light producing elements 
by electrically conductive vias fanned entirely or partially 
through or within the ceramic substrate, and electrically 
conductive traces formed within or on one or more surfaces 
of the ceramic substrate. Each of the display elements or 
light producing elements is controlled by the driver circuitry 
to cause light emission at a conesponding pixel or pixels of 
the faceplate active region. 

26 Claims, 20 Dramig Sheets 
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FLAT PANEL DEVICE WITH CERAMIC lo flat panel display 190, baccate 101 extends beyond 

BACKFLATE side walls 105 around some or all of thcpci^)hery of display 

Integrated drcmi chips 104 on which driver circuitry is 

CROSS-RFFRRrasirP TH PPl ATPn fanned arc attached to surface IQla of batiplate 101 outside 

QlOSS-R^mCTTOim^ 5 of enclosure 103 adjacent side waUs 105. Integrated circuit 

Arrut^ luwa elcctricaJly attadied to dectricaUy conductive 

TTiis application is related to the following commonly traces or bonding locations (not shown) on surface lOlo by, 

owned, co-pending U.S. Patent ^plications: the U.S. patent f^"" example, solder balls 109. Alternatively, integrated dr- 

Wlication Scr. Na 07/867,044, entifled "Self Supporting cuit ch^ 104 can be electrically connected to the traces or 

Flat Video Display," by Paul A. Lovoi, filed Apr. 10, 1992; bonding locations by wirebonding, flip diip mounting, con- 

the U.S. patent application Ser. No. 08/012,297, entitled trolled collapse chip connection (C4), conductive qxxxy, or 

"Grid Addressed Field Emission Cathode", by Robert M. mounting tediniqae. 

Dnboc,Jr.andPanlA.Lovoi,filedFeb.l,1993;andtheU.S HectiicaUy conductive traces (not shown) formed on 

patent appUcation Scr. No. 08/012,542. entitled 'IntCTial surface lOUiejrtend into enclosure 103 to contact each of the 

SuMwrt Stnicturc Far Hal Panel Device", by TheodOTe S, « diq)lay dements. The driver drcdtry is thus electrically 

Eahlen, Robot M. Duboc, b. and Paul A. Lovd, filed Feb. connected to the display elements through the electrical 

1, 1993, each of which is hcrd>y incorporated by reference. connection of integrated circuit chips 104g to surface lOki, 

BACKGROUND OF THE INVENTION ^ ^ ^^'^ ^J? "f^}^}^^ ^° ^ 

CD*cuitry can control each of the display elements to cause 

1. FLdd of the Invention 20 pixels to light up at appropriate times. 

This invention relates to the use of a ceramic substrate as Since integrated drout drips 104 are attached to surface 

the bacbplate of a flat panel device such as a flat pand lOlo of backplatc 101 around tiic peripheiy of display 100, 

display. More paiticulariy, this invention relates to the use of the width and length of display lOO are larger than dictated 

a co-fired ceramic substrate— and, most particolariy, a mnl- by the width and length of the active region and the 

tilay cr co-fired ceramic substrate— as the badiplate of a flat ^5 thickness of side walls 105. In other WOTds, the cartra width 

pand device. and length of display 1«0 is "dead area," Le., area that is not 

2. Related Ait part of the viewing screen, that makes display 100 larger 
Numerous attempts have been made in recent years to ^ ideally desired. As discussed further bdow, this 

construct a flat cathode ray tube (CRT) display to i^lace the 3^ location <^ integrated circuit chips 104 is mandated by the 

conventional CRT display in order to provide a lighter and materials typically used for backplate 101. 

less boUqr display. In addition to flat CKT displays, other flat T>picaUy, the backplate of flat panel displays is a glass 

pand di^lays (herein, a flat panel display is a display in substrate. Glass is rel^ely ine^osivc, rdativcly flat, and 

which file fitickness of the display, measured in a direction dimcnsionally stable, ie., the x and y dimensions (width and 

substantially perpendicular to the viewing surface of the 3^ Icngfli) of the glass baclq)late do not change irreversibly as 

display, is small compared to the tiiidmess of a typical CRT a result of changes in temperature over the normal range of 

display), sudi as thin film electroluminescent (TFEL) Fo<^^ssing temperatures for flat pand display manufacture, 

displays^asma displays (FDP), vacuum fluorescent dis- in order to diminate the dead area assodatcd with tiic 

^s OTO), and hqmd crystal displays (1X3)), have also portion of badq)latc 101 on whldi integrated circuit dups 

been devdoped. ^ 3^04 mounted, it is desirable to mount integrated circuit 

FIG. lis a simplified cross-sectional view of prior art flat chips in another location on display 100 such as, for 

pand display 100. Faceplate 102, backplate 101 and side instance, exterior surface lOlb (back surface) of baclq)latc 

walls 105 form sealed enclosure 103. In some flat pand 101. In order to mount integrated circuit chips 104 on back 

diqilays, tiie sealed enclosure is hdd at vacuum pressure, surface 10H», it is necessary to electrically connect the fi:ont 

e.g., in flat CKT displays, approximatdy 1x10"'' tocr. 45 and back surfaces lOlc and 101^. It is expensive and 

Wthin enclosure 103, structure for producing light (not difficult to wrap leads over the edge of the glass bacl^ate. 

shown) causes light to be cmitted-from facq)late 102. For Electrically conductive vias could be put through harfcplatf. 

instance, in a flat CRT display, the interior surface of 101 so that the driver circuitry can be used to address the 

faceplate 102 is coated witii phosphor or j^osphor patterns display elements within enclosure 103. Unfcrtunatdy, it is 

(not shown) which define die active region of the display. 50 expensive and difficult to form ^e high aspect ratio holes. 

Cathodes (dther field emission or thermionic) located adja- ie., a hc^e having a large deptii relative to the hole diameter, 

cent backplate 101 are exdted to rdease dcctzons which are in glass substrates that arc necessary to produce dedrically 

accderated toward the phosphor on faceplate lOZ When the conductive vias. Consequently, in prior art flat pand dis- 

phosphor is struck by dectroos, the phosphor emits light plays such as display 100 of FIG. 1, integrated circuit chips 

which is seen by a viewer at the exterior surfoce (* Viewing 35 1 W have been attached to surface 101a of backplate 101 (as 

surface") of faceplate 102: shown in FIG. 1), rather than to back surface 101b, unnec- 

In many displays, the active region of the faceplate is essarily increasing the overall-size of display 100, and, for 

divided into defined regions which represent the smallest some displays such as display 100, complicating the seal 

individual elements (pixels) of the active region. In some fiat structure where side walls 105 meet backplate 101. 

pand displays, known as matrix addressed flat pand 60 To overcome the problems with forming vias in glass, 

displays, the light produdng structure is controUed as a ceramic has been tried as a baccplatc material, Holes arc 

function of time so that light is produced at each pixd only drilled through a fired cerramic substrate and plugged with 

at desired times. The light producing structure in sudi flat various metal/glass frit compounds suitable for via-filling in 

pand displays is divided into a matrix of "display elements" ceramics. The ceramic substrate with filled via holes is then 

(not shown). Each of the display elements is controUed to 65 fired. However, tiie metal/glass Mt compounds tend to 

cause light emission (addressed) at a coircsponding pixd by shrink when the compound is fired. At best, a moat is formed 

driver circuitry external to the display. between tiie metal/glass plug and die ceramic. At worst, the 
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metal/glass plug separates fiom the ceramic and falls out of partially through, witfain or on the ceramic substrate, and 

the hole. To overcome these problems, it may be possible to which may include a combiaation of electrically conductive 

perform more tfian one screening and firing to adequately fill traces and vias. Each of the display elonents or light 

the via holes, making production of the badq>latB expensive. generating elements is controlled by the driver drcuitiy to 

There is anotfier problem with the use of a ceramic 5 causelist emission at a coirespondingpixd or pixds<rf the 
substrate for the display backdate. In any display, tiie faceplate active region (i.e., addressed), 
mechanical placement of the display elements, e.g., field The driver circuitry can be f(xmed on or attached to an 
emitters, on the backplate must be precise and predictable. entire surface of the baclq>latc, rather &an only a pcrq>heral 
Thus, it must be possible to locate features on the ceramic portion of a surface of the backplate (edge-mounted drivers) 
substrate precisely. For many flat panel displays, it is nec- 10 as in previous flat panel devices. Thus, the flat pand device 
essaiy that the features be located within 1 mil of the design according to tiie invention can be made smaller (for an active 
location. HoWever, distoitLon of ceramic substrates (arising region of a given size) or can be made with a larger active 
firom, for cwaph, eqwsurc of the ceramic to screening and region (for a given overall device size). Farther, less ceramic 
via fill solvents, drying operations and lamination is used in making a flat panel device according to the 
operations) causes feature locations to vary from the design invention, since the backplate does not extend as far as in 
location. Typical ceramic substrates are made such tfiat previous flat panel devices, thus enabling the flat panel 
features arc located wifliin 1% of the design location (herein, device to be constructed at less cost 
feature location is assumed to be measured from the center The ability to mount electronic components (such as 
of the substrate). The lowest feature tolerance that has been driver chips) on the exterior smface of tiie badqplate pro- 
achieved with a production ceramic substrate is 0.1%. Even ^ vides other benefits. The edge-mounted driver chips of 
with this lowest tolerance, for a display having an active previous flat panel displays were limited in size because of 
region with a 10 inch diagonal, features near the comers of the desire to minimize the peripheral mounting area (and, 
the badqdate may be displaced by as much as 5 mils, an thus, the overall size) of the display. In a flat panel device 
unaoceptably higjh error. according to the invention, larger driver chips having a 

TTie use of glass substrates for flat panel display back- ^ higher pin count can be used, thus reducing the required 

plates has other significant drawbacks. Glass is brittle and number of driver chips that must be mounted to the 

difficult to handle in the large thin sheets required for badq)late, thereby increasing the speed with whidi the 

backplates. Farther, if backplates are formed of multiple device can be produced and reducing manufacturing costs, 

layers; it would be difScult to laminate multiple layers of In previous flat panel displays, edge-mounted driver chips 

glass together without forming undesirable voids, bubbles, were electrically connected to drcuitry on the display by 

virtual leaks and other similar defects. wirebonding the chips to the display. In the flat panel device 

Additionally, glasses that are typically used for baclqdates according to Uie invention, die drivo- chips can be mounted 

can only tolerate moderately elevated processing on tbe exterior surface of the baclq>late using existing 

temperatures, e.g., flie temperature limit for processing .5 packaging techniques such as IBM's controlled collapse 

glasses such as soda lime and borosilicate is approximate^ chip connection (C4) process which are easier and cheaper 

500** C. ffigh temperature processing (i.e., greater than 900' ^ fanplcment than wircbonding. 

C. is desirable to provide a number of beneficial features In anodier embodiment of the invention, ancillaiy inte- 

such as annealing of polysilicon circuitry to fotm driver grated circuit chaps that perform functions other than con- 

drcuitry on the display baclq>late, and the conversion of ^ trolUng the display elements or Hght generating structure of 

amorphous phosphor into crystalline phosphor for use on an the device, such as <itdp& on which microprocessor, peciph- 

EL display backplate. eral (e.g., RAM, clocking, modem) or intof ace circuitry is 

An alternative material that has been used for the back- formed, are mounted on the exterior surface of the 

plate of a flat panel display is quartz. Although quartz can be badplatc, thereby augmenting flie device capabilities wifli- 

processed at higher temperatures than gUss, ie., tempera- 45 out increasing the size of the device, 

tures up to approximately 1000® C, quartz is prohibitively Flat panel devices according to the invention that indude 

high in cost both driver and ancillary integrated circuit chips, as well as 

display elements or li^t generating elements, may have 

SUMMARY OF THE INVENTION excessive heat build-i]^). A ceramic substrate according to 

According to the invention, a flat pand device indudes a 50 invention that has multq>le layers can be formed with 

faceplate, a bactolatc made of a co-fired ceramic substrate channds within the substrate fliat allow for passage of afluid 

and attadied to die faceplate to form a sealed enclosure, and (© g i air) through tiie bad^late to aid in the removal of heat 

stnicturc for producing or modulating li^t The faceplate from the flat pand device 

indudes an active region (region ofthefacepdate from \^di In some previous flat pand displays, integrated circuit 

light is visible) whidi is divided into pixels (defined regions 5S di^is were mounted to a printed circuit board which was, in 

of the active region which represent the smallest individu- turn, connected to the badcplate of the display. In the flat 

ally controlled portions of the active region). The light panel device accordhig to the inventi<Hi, integrated circuit 

producing or modulating structure includes a matrix of chips can be surface mounted directly to the backplate, thus 

"display dements" or a phxrality of 'light generating de- eliminating the printed drcuit board of some previous flat 

ments." Driver circuitry is formed on or attachedto a surface go panel displays, and enabling flie overall display thickness 

of the backplate. For examine, the driver drcuitry can be and the manufacturing cost to be reduced as compared to 

thin film transistors (TFTs) formed on die interior surface of previous flat pand dispbys. 

the backplate, or the driver circuitry can be formed on one Badqplates made of craamic, as in the flat panel device 

or more integrated circuit chips (driver diips) that are according to the invention, are stronger flian bac]q>lates 

attached to a surface of the baclqplate. The driver circuitry is 65 made of glass, such as float glass, as has been done in 

connected to the display dements or light generating de- previous flat panel displays. As flat panel devices increase in 

ments by dectrically conductive material formed entirely or size, strength becomes even more important, making flie 
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additional sttengtfa provided by ceramic badqdates even emission cathode (FEQ widi cr without a switching grid 

D^orc of an advantage. Ftnther, the increased strength pro- The invention is not limited to flat panel displays, but can 

vided by ceramic substrates enables ceramic badqslates to indude odier flat panel devices used for other puzposes such 

be made thinner and lighter than glass bac]5>lates, resulting as scanning of an image to be reproduced on another 

in a thinner and lighter flat panel device. 5 medium such as in copiers or printers. 

Id addition to inaeascd strength, ceramic does not suffer 

from micro-crack propagation the way glass does, making BRIEF DESOUmON OF THE DRAWINGS 

&ebadq,haemflreresista^ FIG. 1 is a simplified aoss-sectional view of a prior art 

^ . ^ . . flat pand display inchiding a ^s substrate wife electrode 

A co-fired ceramic substrate aooordmg to fee invcfflhon 1° driver circuitry disposed around fee peiim^ of fee sub- 
enables low cost production and good control of substrate strate. 

hi^ganactivercgiondiagonalof greal^^ lOi^) ^^^V^^^^^ embodiment of fee mvention. 

areaflatpaneldisplays.Inonecmbodimcntof feeinvcntion. HG. 2B is a aoss-scctional view of apoition of the flat 

a badtplate made of a ceramic substrate according to fee ^^^^ °^ ^ iUustrating a field emission 

invention provides an order of magnitude improvement in ^afeodc and addressing grid. 

feature position tolerances over existing ceramic substrates 2C is a cross-sectional view of a portion of a flat 

(preferably less than 0.01% shrinkage uncertainty). pancl display, illustrating a field emission cafeode wifeout 

Electrically conductive traces and regions arc formed on ^ addressing grid, 

layen of multilayer ceramic substrates according to fee FIO. 2D is a cross-sectional view of a portion of a flat 

invention using low cost conventional thick film patterning, panel display, similar to fee flat panel display of 

High resolution (lines and spaces on fee (Hxlcr of less fean 2 FIG. 2A, according to another embodiment of fee 

mils wide) offcaturcs on fee ceramic substrate according to lnventiott,illustratuiganothertype of field emission cafeode. 
fee invention can be achieved, Vias in ceramic substrates ^ piQ. ZEisashnplifiedcross-sectionalviewof aflatpand 

according to fee invention are formed using low cost, high display according to fee invention, 

tolerance via hole forming tediniques sudi as laser drilling, w . • ^ - , , 

gang punching or direct fusion. " T'"''^.^"^^ '^^'M ^'^^^^ 

¥T«ii, ♦u t u 1 f . J. . ^ accordmg to anofeer embodiment of fee invention. 

Unhke fee glass backplates used m many previous flat TTwn ^ - , ^ » ^ ^ 

paneldisplays,baclq,latesmadeafahigbfiringtemperaturc ^ HG 3 is a bloji diagram jUusU^thig a manufacdiring 

ceramic substrate allow fee use of high t^Salsi^UM^ P^^!!? for producing multttayer co-fired ceramic substrates 

cation processes (i.e., greater than 900- C)\!lwdi canimpart ^ invention. 

advantageous characteristics to fee flat panel device. For ^ 4F, 4G, 4H, 41, 4A', 4B', 4C, 

example, high temperature processing is necessary for ^I>'» 4F, 4H', 4K, 4L,.4M, 4N, 4N', «» 4Q, 4R, 4S, 4T, 4U, 

annealing of polysiUcon TFTs used as driver circdtiy are views illustiating steps in a process to 

(process ten^)eratare of approximately 900** C.) and for * A** P^®1 according to one embodiment of fee 

annealiiig thin film phosphors such as cerium activated invention. 

ytuium aluminum garnet (YAG) (process temperature of FIG, 5 is a cross-sectional view of a flat panel display 

approximately 1050° C.) on fee baciplate of an EL display. ^ according to anofecr embodiment of fee invention. 

The high temperature process can be performed on fee FIG. 6 is a cross-sectional view of a flat panel display 

ceramic badqplate before it is attached to fee remaindo- of including a backplate made of a ceramic and a substrate on 

fee flat panel device. which active matrix addressing elements are formed. 

AdditionaUy, fabrication of fee backplate of a flat panel HG. 7 is a cioss-sectional view of a flat panel display 

device as a ceramic substrate enables fee backplate to be 45 according to anofeer embodtment of the invention. 

fabncated togefeer wife ceramic addressing grids and/or iTrr- « - ~ ^ 1 • r ^ . ^ ^. , ^ 

. ^ L J . ^ 7 ^ T , 7 FIG. « IS a CToss-sectional view of a flat reflective LCD 

ceramic spacers that may be used in fee flat panel device. u m 7 ^Jui 

cj««« * * *!. 1 . /^wTv T according to anofecr embodiment of fee invention. 

Since fee coefiScient of thermal expansion (CTE) of fee * . 

backplate is fee same as fee CTE of fee addressing grid ^^^^ ^^^^ cross-sectional view, in fee direction of 

and/or spacers, feermal stresses resulting from differential ^ ^^D backlight accord- 

expansion of fee bac^late and fee addressing grid and/or embodiment of fee invention. FIG. 9B is a 

spacers do not arise, so tiiat fee baclmlate can be fired cross-sectional view, in fee direction of section 9A—9A 

togefeer wife fee addressMg grid and/or spacas. backlight of FIG 9A. 

Ceramic substrates also provide good high-tcmperatuie ^ ^ cross-sectional view of a two-sided flat panel 

stability and reliability. Also, metallization adhesion to lay- 55 <l«^y acceding to fee invention, 

ers of fee ceramic is excdlent The good metallization F^G* U is a cross-sectional view of flat pand display 

adhesion and dimensional stability at elevated tenq)eratures including a backpilate in which channels are fanned to allow 

results in a more robust structure wife improved reliability. cooling fluid to pass wifein fee backplate. 

Flat panel devices according to fee invention include flat FIG. 12 is a sinqjlified aoss-sectional view of a flat panel 

panel displays such as cafeode ray tube (CRT) displays, 60 diqday according to anofeer embodiment of the invention in 

plasma (PDF) displays, vacuum fluorescent displays ^cfa the faceplate and backplate are curved but tiiin. 

(VFDs), electroluminesccDt (EL) displays^ and liquid crystal 

displays (LCDs), Flat panel displays according to fee inven- DETAHJED DESCRIPnON OF THE 

tion can be formed wife curved f acq)latc and badqilate, and INVENTION 

can be formed wife two faceplates, rafeer than a faceplate 65 In feis description and in fee claims which follow, fee 

and badqplate. Rirfeer, flat CRT displays according to fee term "ceramic" is often used, in the context of ceramic'tape 

invention can include eifeer a fecrmionic cafeode or a field or a ceramic layer or ceramic sheet The term is intended to 
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refer to any of a known family of glass ceramic tapes, 
dcvitrifying glass tapes, ceramic glass tapes, ceramic tapes 
or other tapes whidi have plastic binders and ceramic or 
g}ass paitidcs and which arc flexible and wodcable in &e 
unfiled state, curable to a bard and rigid layer on firing, as 
well as other materials equivalent thereto, whidi are initially 
flexible and may be processed to a final bard and rigid state. 

One example of a low temperature ceramic material 
which can be used for die purposes of this invention is 
DuPont's Green 'Hipe (tiademaricof DuPont). This material, 
available in thin sheets (e.g., approximately 3 to 10 mib) has 
a relatively low firing ten^enture, about 900"" to 1000° C, 
and includes plastidzcrs in the unfixed state which provide 
excdlent woriEabflity. The Green Tape product is a mixture 
of ceramic paitides and amaq)hous glass, abo in particulate 
form, with binders and plasticizers. See U.S. Pat Nos. 
4,820,661, 4,867,935, and 4,948,759. The material in the 
unfixed form is adaptable to deposition cf conductive metal 
traces, such as by screen printing or other techniques* 

Other materials having the desired properties in the 
unfixed state, such as devitrifying glass tape, ceramic t^ or 
ceramic glass tape material, and possibly amofphous glass in 
a flexible matrix, are also adaptable for the purposes of the 
invention; the term "ceramic" is used generally herein to 
refer to this class of materials. Broadly spealdng, the 
requirements of such a material are that (a) it be producible 
in thin layers, (b) the layers be flexible in the unfired state, 
(c) holes can be put in a layer or several layers together in 
the unfired state, (d) the boles can be filled with conductors 
where desired, (e) conductive traces can be put accurately on 
the surfaces of the unfired layers, (f) the layers can be 
laminated, in that they are bonded toge^er at least on a final 
firing, (g) the fired structure have a coefficient of thermal 
expansion that can be substantially matched to that of a face 
plate and a back plate of prefenred materials such as float 
glass, (h) the fired, laminated structure be rigid and strong, 
(i) the fired structure be vacuum compatible, (j) die fired 
structure not contain materials which will poison cathodes, 
and (k) all irmtmaig and fabrication be possible at practical 
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While the preferred materials appear to be ceramic mate- 
rials as described above, other materials having these diar- 
acteristics or most of these diaracteristics can be used. 
Polyimides, as an example, are very high temperature, high 
strength vacuum compatible plastics used for the fabrication 
of multilayer printed drcuit boards in such applications as 
electronics used in space and may be used the inven- 
tion. 

Below, embodiments of the invention are described with 
respect to a flat panel display. Flat panel displays according 
to the invention can include cathode ray tube (CRT) 
displays, plasma (PDP) displays, vacuum fluorescent dis- 
plays (VFDs), electroluminescent (EL) displays, and liquid 
crystal displays (LCDs). Ftnther, flat CKT displays accord- 
ing to die invention can include either a thermionic cathode 
or a field emission cathode (FEQ with or without a switch- 
ing grid. Though the invention is described with respect to 
flat panel displays, the invention is not limited to use with 

displays, but can be used with other flat panel devices used ^ cross-sectional view of a portion of flat panel display 230, 
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50 
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tiaUy popendicular to the viewing surface of the display, is 
small compared to the thickness of a typical CRT display. 
IVpically, though not necessarily, the thickness of a flat 
panel display is less than 2 inches (5.08 cm). Often, the 
thickness of a flat panel display is substantially less than 2 
indies, e.g., 0.1-0.5 indies (0.25-13 cm). 

Faceplate 202, backplate 201 and side walls 205 form a 
sealed enclosure 203 that can be held at vacuum pressure 
(herein, vacuum pressure is defined as any pressure less than 
atmospheric pressure), ag., approximatcty 1x10"^ torr in 
some flat CRT displays. Side waUs 205, faceplate 202 and 
badsplate201 are attached to each other with, fn^ example, 
a Mt glass. 

Backplate 201 is a co-fired ceramic substrate. In die 
embodiment shown in FIG. 2A, badqilate 201 indudes two 
layers 201a and 201^. However, any desired number of 
liters can be used, i.e., one, three or more layers. Currently, 
ceramic substrates having iq) to 60 layers, e.g., IBM ES90(K) 
module, have been commerdaEy produced. 

Mthin enclosure 203, dectrons are emitted fiom cathode 
surface 206 toward the phosphc^ coated interior surface (not 
visible in FIG. 2A) of faceplate 202 (i.e., anode) fi-om a FEC 
formed on cathode surface 206. Addressing grid 207 is 
positioned adjacent cathode surface 206 of badqplatc 201. 
Integrated circuit chips 204 (seen more clearly in FIG. 2E, 
described below) are attached to display 200 outside of 
endosure 203 using, for example, the C4 technique. Driver 
circuitry formed on integrated drcuit chips 204 is dectri- 
cally connected, as explained in more detail below, to 
addressing grid 207 to enable addressing grid 207 to be used 
for addressing and focnising electron emissions from the 
FEC. Use of a grid (such as addressing grid 207) for 
addressing and focusing a flow of electrons in an emissive 
flat pand display is explained in more detail in oommooly 
owned, co-pending U.S. patent application Ser. No. 08/012, 
297, filed Feb. 1, 1993, entitted "Grid Addressed Fidd 
Emission Cathode," the pertinent disdosure of which is 
herein, incorpoirated by reference. 

FIG. 2B is a cross-sectional view of a portion of flat pand 
display 200, illustrating a FEC an d address ing grid 207^ 
Addressi ng g rid indudes addressing layers 207a and insu- 
lating layer 207^. K mittCTs 220 (described in more detail 
^below wiin respeaTo FIG. 2Q are formed on backplate 201 
in holes 221 formed in insulating layer 2076. Addressing 
layers 207a are disposed on insulating layer 2076. Holes 222 
are formed throu^ addressing layers 207a such that holes 
222 are coaxial with holes 221. Emitters 220 release dec- 
trons 223 (as described in more detail bdow with respect to 
FIG. 2C) which are accderated through holes 221 and 222, 
as desired, to hit phosphor regions 224 formed on interior, 
surface 202a of faceplate 202. Spacer walls 208 are located 
so that spacer waUs 208 do not interfere with the flow of 
electrons 223. 

Alternativdy, addressing grid 207 can be deiminated and 
the driver circuitry, connected to gate dectrodes f<M:ined on 
cathode surface 206 adjacent the emitter locations. In diis 
case, the driver ciicuitry controls the gate dectrodes to 
address electron emissions firom the FEC. FIG. 2C is a 



for other purposes such as scanning of an image to be 
reproduced on another medium such as in copiers or print- 
ers. 

FIG. 2A is a cutaway perspective view of flat pand 
di^lay 200 according to an embodiment of the invention. 
Herdn, a flat panel display is a display in whidi the 
thickness of the display, measured in a direction substan- 



65 



illustrating a FEC without an addressing grid. A particular 
type of FEC is shown in FIG. 2C. It is to be understood fliat 
other types of FECs could be used. The FEC indudes row 
electrodes 231 fonned on badqplate 201. Insulator 232 
(made of an dectrically insulative material) is farmed on 
backplate 201 to cover row dectrodes 231. Holes 232a are 
fonned throng^ insulator 232 to row electrodes 231. Endt- 
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tos 233 are fonncd OD row electrodes 231 within holes badqitote 251 to emitters (not shown in FIG. 2B)od cathode 

^2fl. Ematep 233 are cone-shaped and 233a of emitter smface (not visible in FIG. 2B) fonned on side 2S1« of 

^"^i?*?'^^*'^*^^'*?^^?"'"'* ''X*Plate 2SL EaA via 2Slc i* a hole fonned fliroagh 

nnderstoodttiat odia typ^ of emitbss conW be used. backplatc 251 and filled with electrically conductive maS 

5 rial Bach via 251c contacts a coir^nding de^fcX 
holes 232a such that column electrodes 234 extend panially ^et^^ a ^ -»^rr 

over holes 232a to a predetemiined distance &<JZnl r^v^^^.^ ^J! '^^"^ ^"1 ^'"SS" 

tips 233a; An open splice separates column electrodes 234 ?f„^;^:^i^' ^ attached by; for mtancc. docto- 

and emitter tips 233d fromfaccplate 202. Anode spacer conductive solder bumps 209. Mas 251c, traces 251/ 

walls 238 extend from the column electrodes 234 to faces and sdda bim^s 209 clcc^ 

plate 202. Phosphor 235 is fonned on the surface of ftoo- ^04 outside of display enclosure 203 to the emitters within 

phite202fadngthcFECEmitters233areexcitcdtorclease "^^L^f^*"'"^?^? '° '^^'^^ ^ 

electrons 236 which are accelerated across the open space to ^""^^i! T'"" ^I^^ f '^^"^ 

strike the phosphor 235 on faceplate 20Z When phosphcr ^ facqdatc 202 to hght up. 

235 is strudL by electrons 236, ^osphw 235 emits li^t ^ ^ mounted on flie extericH" 

nG.2DisaCTOss-scctionalvicwQfapQrtionofflatpancl su^aceof the baccate 251, rather than on a surface of the 
display 240, similar to flat panel display 200 of HG. 2A, ha^pUte 251 or addressing grid 207 surrounding the 
according to another embodiment of the invention, illustrat- Paipbery of the active region of the device (edge-mounted 
ing another type of field emitter cathode. BackpUte 241 is a ^^^5^), as in previous fiat panel devices, the flat panel 
co-fired ceramic substrate in which a pluraUty of via holes, ^ aowHdmg to the invention can be made snaaUcr 
e.g., hole 24Lz, are formed. Each of the via holes, e.g., hole ^ ^^ion of a given size) or can be made with a 
241a, are filled with a via pkg, e.g., via plug 243, by, for ^^^ion (for a given overall device size). Rnthcr, 
instance, using a conventional screening process. The via ceramic is used in making flat panel device 200 accord- 
plug is a conductive glass in which electrically conductive ^'^^ *° invention, since the bac^late 251 docs not extend 
whiskers (made of, for exan^le, tungsten, molybdenum cr as m previous flat panel devices, thus enabling the flat 
a tungsten-molybdenum mixture) arc mixed. Electrodes, ^^^^ ^ constracted at less cost 
e.g., electrode 242, are fonned to contact, for rumple, a row ability to mount electronic componrats (such as 
of Med via holes, e.g., via hole 241a including via plug 243. chips 204) on the extericr surface 251^ of badqplate 
Other electrodes (not shown) are formed to address the provides other benefits. The edge-mounted driver chips 
columns of pixels (each pixd corresponding to a Med via 3q previous flat panel displays were limited in size because 
bole). These other electrodes can be fonned on interior of the desire to imnimize the pcr^heral mounting area (and, 
surface 202a of faceplate 202 or surface 241c of badqdate overall size) of the display. In flat panel device 200 
241. accordii^ to the hxvention, larger driver chips 204 having a 

The via holes are fomied in tiie ceramic substrate by, for W^ier pin count can be used, flius reducing the required 
example, mechanical punching or laser drilling. Row 35 "^^^ ^ driver chips 204 that must be mounted to flie 

electrodes, e.g. electrode 242, are farmed on exterior surface baciqplate 251, thereby increasing the speed with which flie 

2Alb of baclq)late 241 by a conventional thick fihn dcposi- device 200 can be produced and reducing manufactoring 
tion iM-ocess. The via holes are Med with the via plugs. After 

the via holes are Med with the via plugs, bac^late 241 is In previous flat panel displays, edge-mounted driver chips 

fired. The conductive glass in the via plugs is etched using 40 were electrically connected to circuiUy on the display by 

conventional etchants and processes. wirebonding the chips to the display. In flat panel device 200 

Returning to FIG. 2A, spacers 208 support faceplate 202 according to the invention, the driver chips 204 can be 

against addressing grid 207 so fliat the force arising firomthe mounted on the exterior surface 251<f of the bac^late 251 

diflerential pressure between tiie vacuum within enclosure using commercially available tedinlques such as IBM's 

203 and tiie atmospheric pressure outside of enclosure 203 45 controlled collapse chip connection (C4) process which are 

does not cause display 200 to collapse. In some easier and cheaper to implement than wirebonding. 

embodiments, enclosure 203 is not held at vacuum pressure; Though, in FIG. 2E, vias 251c are shown extending 

in those embodiments, spacers 208 may not be necessary. straight tiuough badqikte 251 (through-hole vias) from 

Note that, though addressing grid 207 is positioned adjacent trace 251f on surface TSld to the emitters fonned on surface 

cathode surface 206 of baciplate 201m FIG. 2A, addressing 50 251e,thisneednot(andQftcn will not) be tfie case. Vias can 

grid 207 can be separated from backplatc 201 and supported be fanned such that the vias extend from an exposed surface, 

against backplate 201 with spacers analogous to spacers eg., surface 251d; of badqplate 251 through only a part of 

208. The use of spacers in flat panel devices is ejqdained in backplate 251 (senoi-blind vias), contacting an electrically 

more d^ in commonly owned, co-pending U.S patent conductive trace or region buried within baclq>late 251 and 

application Set No. 08/012,542. filed Feb. 1, 1993, entifled 53 an deciiically conductive trace or region formed on eitiia- 

Internal Support Structure For Flat Panel Device.'* by surface 25l£/Qr251e (see, eg,, nG.2Fbelow).Ftnther, vias 

Theodore S. Fahlen, Robert M. DUboc, Xr. and Paul A. can be fonned such that the vias do not extend to eitiier 

Lovoi surface 251<f or 251^ of badq)late 251, but are completely 

FIG. 2E is a simplified cross-sectional view of flat panel buried within badqplate 251 (buried vias), contactmg at 

display 250 according to an embodiment of the invention. 60 either end of the vias an dectricailly condixtive trace or 

Flat panel display 250 is similar to flat panel display 200 of region that is also buried within backplate 251. The electri- 

FIG. 2A, and like elements are designated by the same cally conductive traces and regions buried within baclq>late 

numerals. In FIG. 2E, for simplicity, addressing grid 207 and . 251 can be used for signal routing or for providing ground 

spacers 206 are not shown. Baclq>late 251 is made of a power planes within backplate 251. 

co-fired ceramic substrate. HectricaUy conductive vias 251c 65 As noted above, driver circuitry can be fcMincd on a 

are fomied to interconnect the driver circuitry on integrated surface of the bad£plate by, for example, forming thin film 

circuit ch^s 204 (driver chips) attached to side 25IJ of transistors CTFTsX e.g.. polysilicon TTTs, on die interior 
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surface of the backpLate. Foither, row or column dnvers can 
be f onned on the interior surface of the bad^plate rather than 
on the exterior surface as described above. Ftnther if driver 
chips arc used, they can be mounted on cither surface of the 
bac^late. 

FIG, 2F is a cross-sectional view of flat panel display 260 
according to another embodiment of the invention. Face- 
plate 262, side walls 265 and backplate 261 are attached 
together in a manner described elsewhere in this description 
to form sealed enclosure 263. Ra^er than having driver 
chips mounted on the exterior surface of badqplate 261, as 
in the enobodimcnts of the invention described above, in flat 
panel display 260, cither TFTs (not shown), c.g.,po]ysi]ioon 
TPtSy are foamed on inteaor smf ace 261c of baclqdate 261, 
or driver chips are attached to interior surface 261c, in the 
areas denoted as 264 in FIO. 2F. The area 264 is outside of 
the cathode area 266 of interior surface 261c. The polysili- 
con driver circuits or driver di^s are electrically connected 
by electrically conductive vias and traces, designated gen- 
erally as 261a, to a bonding location 261^ on exterior 
surface 261^ of bacl^ate 261. The polysilicon driver or 
driver chips are controlled by a conventional controller not 
part of flat panel display 260 to address pixels of fiat pand 
display 260. 

If TFTs are used, the TFTs are preferably made of 
polysilicon because of the faster switching speeds that can 
be achieved. However, in another embodiment, the TFTs can 
be made c€ amorphous silicon. The use of a ceramic to make 
backplate 261 allows use of the high processing tenqjeratore 
necessary to anneal polysilicon TFTs. Use of TFTs as 
described allows a cost redaction to be achieved in produc- 
ing a flat panel display according to the invention since the 
TFTs replace the sin^e crystal silicon diips used as driver 
chips. FuithCT, use of TFTs improves the reliability of the 
display since the many connections between the driver chips 
and the backplate are no longer required. 

Above embodiments of the invention indude a field 
emission cathode. A tfaenmonic cathode can also be used in 
a flat panel display according to the invention. An embodi- 
ment of the invention in which a thermionic cathode can be 
used is described in more detail below with respect to HO. 
7. 

The operation and construction of a flat panel display 
including a thermionic or field emission cathode is also 
described in detail in commonly owned, co-pending U.S. 
patent application Ser. No. 07/867,044, filed Apr. 10, 1992, 
entitled "Self Supporting Flat Video Display," the pertinent 
disclosure of which is herein incoiporatod by reference. 

According to the invention, the ceramic substrate is a 
co-fired substrate, ie., both the ceramic layer or layers and 
the material that forms the electrically conductive traces and 
regions on the ceramic layer or layers and fills vias in the 
ceramic layer or layers are fired at the same time. The 
ceramic substrate according to the invention includes one or 
more thin (03-15 mil) ceramic layers. The ceramic sub- 
strate can include any number of layers; as many as 60 layers 
have been used in commercially available ceramic substrates 
(e.g., IBM ES9000 module). More typically, the ceramic 
substrate includes 5-10 layers. 

FIG. 3 is a block diagram illustrating a manufacturing 
process for producing multilayer co-fired ceramic substrates 
according to the invention. As shown by block 300, indi- 
vidual layers of the substrate are manufactured as a green 
ceramic tape, Le., a mixture of ceramic and amoiphous glass 
partides wifli binders and plastidzers. Various material 
compositions and process steps can be used to produce a 
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green ceramic t^ for use wifli the invention; specific 
examples are described in more detail below. Green ceramic 
tape is available in very thin sheets (e.g., about 0 J mils to 
15 mils); thus, muMayer substrates can be manufactured 

5 with hi^ electrical conductor density. In the unfired state, 
green ceramic tape has eotoellent workability, particularly in 
the fanning of small diameter, dosely spaced, hi^ aspect 
ratio holes, such as are necessary for fonoing vias. Unfired, 
green ceramic tape has medianical properties similar to 
durable plastic sheets, i.e., flexibility and strength, and is, 
therefore, tdcrant of processing and handling. 

Once the ceramic tape has been formed, via holes, if 
necessary, as indicated by block 301a, are formed at appro- 
priate locations through various sheets of the ceramic tape, 

^ J as shown by block 301. Wi^ can be formed by, for example, 
mechanical punching or laso* drilling. 

At some time before, after, or during the manufacture of 
the ceramic tape and forming of via boles, an electrically 
conductive material is prepared that is used to fill the via 
holes and to pattern electrically conductive traces and 
regions (hereinafter referred to as ^Metallization") on one or 
more surfaces of some or all of die sheets of ceramic tape. 
Though metals are often used, and die patterned traces and 
regions will be referred to herein as metallization, it is to be 

25 understood that the electrically conductive material need not 
be metaL For example, an dectrically conductive glass frit 
could be used. The particular electrically conductive mate- 
rial used is chosen to be compatible with the material of 
which the ceramic tape is made. 

30 As shown by bled: 302a, the via holes are filled with the 
dectrically conductive material As shown by block 3$2b^ 
the dectrically conductive material is also used to form, if 
necessary , as indicated by block 302c, desired metallization 
patterns on one or more surfaces of the sheet of ceramic tape. 

3S The metallization is patterned using a conventional diick 
film screen panting process. The tiiick film saeen printing 
process results in conductors having a relativdy large cross- 
sectional area, so that the conductors are lohust and have 
good electrical conductivity. A high conductor density, e.g. 

40 150-250 conductor lines per indi, can be achieved on each 
layer. 

As shown by block 303, the sheets of ceramic tape are 
then laminated to form a multilayer substrate, and, as shown 
by block 304, fired to fuse the sheets of c^amic tape 

45 together to form an integral, rigid, vacuum compatible 
substrate, '^thin, the multilayer substrate, the vias formed 
in each sheet combine to form through-hole, blind and 
semi-blind vias that serve as electrical interconnects 
between metallization, e.g., electrically conductive traces, 

50 formed on dififerent layers of the ceramic substrate. The use 
of a multilayer ceramic substrate with metallization on each 
layer and vias interconnecting metallization on different 
layers enables the effective conductor density (Le., the 
equivalent oondnctor density on a single layer) to be greafiy 

ss increased since, theoretically, the effective conductor density 
can be made as large as the conductor density on a single 
layer multiplied by the number of layers. 

As shown by block 305, after lamination and fixing to 
form a multilayer ceramic substrate, **finishing** steps are 

60 performed on tfie substrate. Sucfa finishing steps can indude, 
for example, polishing areas of a surface of the substrate on 
whidi it is desired to perform thin film deposition of, for 
instance, fidd emitters. As another example, sdective elec- 
troplating can be petfonned to cover metallization formed 

65 on a surface of the substrate to prevent oxidation of the 
metallization (e.g., tungsten metallization can be electro- 
plated with nickd). 



i 
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After the finishing steps» the multilayer sabstrate is, 
typically, separated fay, for exaiiq)le, conventional mecfaani- 
ad cutting into smaller substrates that are used for back- 
plates in flat panel devices, as shown by block 306. 

FIGS. 4A ftiough 4X and 4A' through give a sche- 
matic iUustration of steps in the process of formation of a flat 
panel display according to the invention. Al&ough FIGS. 4A 
through 4X and 4A' through 4H' illustrate one embodiment, 
alternative embodiments are possible. 

FIG. 4A illustrates a sheet of uniired blank ceramic tape 
90 which Is used to oonstcuct an addressing grid for use in 
a fiat pand display. In HO. 4B, via holes 92 are fanned 
fiiiDugb the sheet of ceramic tape 90, 

In FKj. 4C, via holes 92 are filled with electrically 
conductive material to fonn electrically conductive vias 94. 
The via filling is accomplished by screen printing (or odicr 
methods) of the conductive material Into via holes 92. 

In FIG. 4D, electrically conductive traces 96 are deposited 
on ceramic sheet 90 using^ for example, screen printing 
techniques. Odicr types of printing may be used. A drying 
step, may follow in which ceramic sheet 90 is heated 
sufficiently to remove the volatiles from the inks of traces 
96. Traces 96 (which will lie in different directions on 
different sheets of the material) are positioned in paths where 
the pixel holes will be located. On some ceramic sheets 90, 
vias 94 may also have traces 96 deposited over thenL 

In FIG. 4E, pixel holes 97 are fonned in ceramic sheet 90l 
Pixel hcdes 97 can be fonned in the same manner as via holes 
92 (PIG. 4B). 

In FIG. 4F, a series of ceramic sheets 90a, 90&, 90c, 90d, 
90e have been stacked onto ceramic sheet 90 and laminated 
together. Pixel holes 97 are formed identically in each layer, 
so that pixel holes 97 are in good registry in tbe resulting 
laminated structure 90x Lamination may be accoinplished 
at this stage by applying pressure to the stack of ceramic 
sheets 90o, 90b, 90c, 90J, 90<? with platens heated to a low 
temperature, e.g., 50** C This low heat is sufficient to fuse 
together the organic binders in each of ceramic sheets 90a, 
90b, 90c, 90rf, 90<p so that ceramic sheets 90fl, 90b, 90c, 90dy 
90e are bound together by the organic binders. In FIG. 4F, 
in addition to traces 96 running in the horizontal direction on 
ceramic sheet 90, other traces, e.g., traces 96a, 96b and 96c 
on ceramic sheets 90a, 90b and 90c, respectively, are shown, 
some running horizontally and some vertically. 

In FIG. 4G, alter foiroation of the laminated stracturc 90x, 
pixel holes 97 are treated with a flow-through of abrasive- 
containing fluid, preferably liquid (for example, water con- 
taining silicon carbide sub-mil particles). This treatment is 
peif oxmed by supporting laminated stmcture 90x on oppos- 
ing sides with die plates. Tbe pumping of abrasive- 
containing liquid through pixel holes 97, with the die plates 
on either side of laminated structure 90br to diannel the flow, 
effectively reams all pixel holes 97 to ensure that all pixel 
holes 97 are the desired size and shape, conrecting any minor 
irregularities in registiy of pixel holes 97 between ceramic 
sheets, eg., ceramic sheets 90a, 90b. 

In HG. 4H, laminated structure 90x is fired, ia a stepped 
or profile firing. For exanq)le, the firing may proceed to a 
temperature of about 350° C, for example, burning out the 
organics, and then increase in a prescribed profile up to 
about 950^ C, sintering the ceramic, depending on the 
materials. 

As described above with respect to FIG. 2A, the address- 
ing grid can be supported at front and back by spacers 
located between the fac^late and addressing grid and 
between the backplate and addressing grid. 
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The filing step indicated in FIG. 4H (which may indude 
flring of a spacer structure in combination with the grid, as 
just dcsdribed), bonds ceramic sheets 90, 90a, 90b, 90c, 9%d 
and 90e of laminated stmcture 90x togedier into an int^ral 
5 structure having conductive traces between layers and, 
possibly, on one or both cf the exposed surfaces of laminated 
structure 90x If all of the conductive traces are within 
l a mi na t ed structure 90jc, conductive vias 94 are used to make 
electrical connection to locations at the exterior of laminated 
10 structure 90x. 

In FIG. 41, solder g^s 98 (similar to an ink or paint) is 
qyptied to the firont and back suriaces of laminated stmcture 
90xm a per^>heral rectangular pattern that is used to seal the 
finished fiat panel display. After application, the solder glass 
1$ is prD-glazed (as also indicated in FIG. 41) by heating 
l a m inated structure 90x to a temperature high enough to 
bum off the binders and fuse the glass particles together, but 
low enough not to cause devitrification (for solder glass that 
devitrifics). This preglaze temperature is generally between 
20 400* C. to 600° C. depending on the binder and solder glass 
used (sec steps listed in Tkblc I below for a particular 
embodiment). I^eglazing ensures that the binders, including 
organics, are cleanly burned away before tbe di^y is 
sealed. 

^ FIG- 4A* illustrates a sheet <rf unfired blank ceramic t^e 
90 which is used to constract a backplate for use in a flat 
panel display according to the invention. In FIG. 4B', via 
holes 92 are formed through the sheet of ceramic tape 90. 
^ In FIG. 4C, via holes 92 are filled witti electrically 
conductive material to form electrically conductive vias 94. 
The via filling is accon^)lished by screen printing (or other 
methods) of the conductive material into via holes 92. 

In FIG. 4D', electrically conductive traces 96 are depos- 
ited on ceramic sheet 90 using, for example, screen printing 
techniques. Other methods may be used. A drying step may 
follow in which ceramic sheet 90 is heated sufficiently to 
remove the volatiles from the inks of traces 96. On some 
ceramic sheets 90, vias 94 may also have traces 96 deposited 
^ over them. 

In FIG. 4F, a series of ceramic sheets 90a, 90b, 90c, 90d, 
90e have been stacked on to ceramic sheet 90 and laminated 
together. Lamination may be accomplished at this stage by 
applying pressure to the stack of ceramic sheets 90a, 90b, 
^5 90c, 90d, 90e with platens heated to a low temperature, e.g., 
50° C. This low heat is sufficient to fuse together the organic 
binders in each of ceramic sheets 90a, 90b,90c, 90d, 90e so 
that ceramic sheets 90a, 90^, 90c, 90^, 90e axe bound 
together by the organic binders. In FIG. 4F, in addition to 
50 traces 96 running in the horizontal direction on ceramic 
sheet 90, omer traces, e.g., traces 96a, 96b and 96c on 
ceramic sheets 90a, 902^ and 90c, respectively, are shown, 
some running horizontally and some vertically. The traces 
may not be regular in spacing nor do Ihcy have to run along 
53 eitiieraxis. 

In FIG. 4H*, laminated structure 90x is fired, in a stepped 
or profile firing. For example, the firing may proceed to at a 
temperature of about 350** C, for example, burning out the 
organics, and then increase in a prescribed profile up to 
fio about 950° C, sintering the ceramic, d^nding on the 
materials. 

The backplate can be supported by spacers located 
between the faceplate and bac^late or throu^ the grid if 
used between the backplate and the facqdate. 
65 The firing step indicated in FIG. 4ir (\^ch may indude 
firing of a spacer structure in combination with the 
backplate), bonds ceramic sheets 90, 90a, 906, 90c, 90d and 
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9%e of laminated structure 90ix tog^er into an integral apply the phosphor material The phosphor is gBnerally 

structure having conductive traces between layers and, indicated as 93 in FIG. 4R. 

possibly, on one or both of the exposed surfaces of laminated pjQ 43 indicates aluminizing of the anode, Lc. covering 

structure 90x. If all of the conductive traces are within phosphor with a thin layer of aluminum 93fl, to protect 

laminated structure 90jc, conductive vias 94 are used to make 5 maintain the integrity of the phosiAor and to increase 

electrical connection to locations at the exterior of laminated tube bri^tness by redirecting some of the rcaixlirccted 

stnioure 9<b:. photons toward the viewer With alnminization, dectrons 

Solder glass 98 (similar to an ink or paint) is applied to the must have a threshold level of energy to pierce the aluminum 

surfaces of laminated structure 90x in a pcrif^eral rectan- and excite the phosphor. This can^detcs productton of the 

gular pattern that is used to seal the finished flat panel to fgcqilate 12. 

display After application, flic solder ^ass is pre-glazed by pj^g ^ 4^ indicate steps in assembly of fte 

heating laminated structure 9«a: to a temperature high three con^n^ts logger: the bac^late assembly 93^ tfie 

enough to born off the tenders and fuse the glass partidcs multilayer addressing grid structure 35 and the anode assem. 

together, but low enou^ not to cause devitrification (for ^ ^^^^^ laminated structure 90jc, which may inchide 

solder glass that dcjtofiw). Tluspr^ tcinperaturc is 15 ^ ^^^^ ^ dcscxihcd above, is dcsignatedin HGS. 

gcncrany between 400'' C to 6(K>» C. dq)ending on the 4^ through 4X as addressing grid 35.) The wefeired 

binder and soMer glass used, Picgl^g ensures that the embodiment is carried out entirely in vacuum. HG. 4T 

bmdjTS, mcluding OTgamcs, are cleanly burned away betore ^^^^^ takeout of the three components under vacuum, 

the display is sealed. PIQ 4u shows the lamination/assembly of the three 

FIGS. 4K through 4N indicate sdicmatically the produc- ^ conq)onents together, producing an assembly 95. In the 

tion of the backplate assembly, which is assembled to the preferred embodiment the tube is baked out unassembled 

addressing grid and to the anode assembly (described because the high internal structure surface area as compared 

below). In these figures and this discussion it is assumed fliat to internal tube volume makes conventional tabulation pum- 

a thermionic cathode is used. However, the cathode may pout less desirable in production, 

alternatively be a field emission cathode. ^ ^^^^^^ ^ ^ 

FIG. 4K indicates firing of the solder glass 98 on the sheet ^^i^ ^5 55^15^ ^Qf^J^ together, typically at 450* 

of material 16, which may be at about 400« to 600*^ C. as Q for certain types of solda glass, and at times as presdibed 

above. Iq the material specification. Solder glass pregUzing and 

In FIG. 4L the attachment of a cathode firame 91 is 30 sealing temperatures and times are generally ^edfied by the 

indicated. The cathode fi'ame preferably comprises a con- glass manufacturer or are detem^uied by tiie user using 

ductive metal strip at top and bottom to which all cathode techniques known to those skilled in the ait. Table I bdow 

wires are secured; one or both sides preferably have spring gives an example for a preferred embodiment, 

strips (not shown) to which the cathode wire ends arc p^. 4^ -^^^^^ ^^^^ ^ processed, 

secured so as to mamtain tension m the wires through 35 For example, if a flashed getter is used, a diin film or strip 

thermal changes. (having an affinity for oxygen) is heated by elec^ 

FIG. 4M shows a wire cathode 22, having been secured trical resistance and plated against appropriate surfaces 

via the cathode fi'ame 91. inside the tube, such as in one or more peripheral areas of the 

In FIG. 4N the cathode wires 22 arc ind^ ^^t^^ a<L-hftmg ceramic grid plate, outside the active addressing area. Active 

^^gfltcd w i^^ trinfl^hnnnfffi ^ f ^fyn ^^^nhnT^ fl^ p rn gedure whicfa ^ getters can also be used, wherein the getto^ act as vacuum 
qiay be accomplished by electrophoresis7 Sprayi ng is an ' ion pumps, active whenever the tube is powered, 
altonatis c prpcgss . By t hi s proce ss^^ca^nates orsgymd Finally, FIG. 4X indicates connection of the drivers 20 to 
jnctalS gych as strontiug L caldum andTinum are coaiea-' thcrear of the bacl5)latestnictarc 35. Tins involves making 
onto a tungsten wire (which may be thoiiated asjn jig electrical contact between the drivers 2# and the conductive 
known ygocess). in a laier oaKeout steo under vacuum, the 45 ^^^^ ^ ^ busses extending along flic surfaces of Ac 
carbonates deposited on Uie cathode filaments are converted peripheral areas 18 of die addressing grid structure 35. 
to oxides and all tending material is removed, a process well ^ . ^ • 
knownintheindustiy.These8tepsassurethatttieassembled , J^^l^V^^A'. ^w«''' ^^"^i"^ 
tube will have a dean cafliode. Alternatively, bicarbonate ^^"^H 4X and 4A flirough 4H and ^vcs toes tempera- 
mixes also give acceptable performance later foiming a so '^^'^'J?^^^ ^f-l^^^? l*^! 
useM and efficient ^de cathode. This completes the descnbedwifli respect to those figui^^ 
badq)late/cafliodc assembly. &atflus^^^^ 

FIG. 41^ shows the £rame 91 with the cafliode 22 removed 



processes can be used. 



from the back plate 16b, in exploded view for clarity (not TABLE 1 

indicating order of assembly). Hus completes flie fabrica- ^^^„^^^^m^m^^^—^^^^mmm^^^^^— 

Hon of the baclqplate assembly. Figure 

FIGS. 4P throu^ 4S relate to production of the feceplate Number StepDetcriptton ftoeca and Materials 
assembly. To a sheet of g^ass 91a is applied a rectangular Grid Assembly 
band of solder glass 98. ^ 

InFIG.4Qisindicatedfliefiringoftfiesoldcrgla5s98to Blank lipc for orid tape per n»terial 

a preglaze state. 4B Va Holes Rozm via inks «s by mechuiical 

FIG. 4R indicates die phosphor J^jplication process to the Btoping or laser cMljng. 

face plate 91a. InHeuofR.GandB phosphor dots for each ^ PmvitHbic, ^^^^^^^ 
pixel, R, G and B phosph<» stripes may be applied, in a 65 aaterial BptcificatiwM. 

known conventional manner. Use of a flat glass face plate 41) CandiicfiTe Thuss Print conductive tnoes, per 
allows die use of alternate methods such as offset printing to 
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TABLE i-continued 



TABLE l-contmued 



Nimfaer St^ Description ftocess nd Materials 



4E 



40 



4H 



nutcni] tpociSc&tioss* 
Fosm faolBt fijr piseilsL 
70" C. O 1300(MOOO pd ftr 10 



Prnqp ^bier with 1 um SiC paiticks 
m suspeosioa at 200 psi until clear 
(1-2 minulBs). 
, ¥ixiag scbfiduk far 7 layer 2" test 



Hofes for Kxeb 
T-amWft^ StadoDd 
Oreen l^pc L^^TS 
Ckv Hak5 with 
AlnasivBRind 

faring 

1. Room temperann (RT) to 350" C at 

lO'C/mia 

2. 350* C. far S5 mia (binder b\B&> 

oof) 

3. 350» C, to 950" C at 10» CJtain. 

4. 950* C. fiw 30J) min. 

5. 950^ C to 840» C. at lOP Cinm. 

6. 840* C. to 500» C at 6^*Ciiim. 

7. SOO^ C. to RT at 63* CAniD. or 

less. 

All ten^eratuxes are i5* all ranqps 
aic±10%. 

FtrxQg scbedole for laiger paita 
will differ from tfae above «eh<iAiU 
as folbws: 

Latter and tfaidDBt paxta need abwer 
raixq> times aod laager Under 
faum-oi^ tiiDBS (these ^rme^ must be 
detennined for each specafic part). 
Apply Solder Glass 1. Scnen print CV120 Owens TUmotg 
solder ^lass (-325 cae^) onto 
parts to be joined; aoode, grid 
(both sides), and cadiode. 
Z Diy at 100* C wifii IR lanip for 30 



Re-glaoEe Solder 
Glass 



Backplate Aaaembly 

4A' Bliak Ikpe for 
BackplaiD 
Viaholes 

FiU via hcA» 



4C' 



4D' 



Conductive traces 

T^amtnatr staclced 
gxeen tapclaycis 
Profile (step) 
firing 



3. Repeat process laitil a J0O4 in 

layer is buih vp, 
1. Place part on grate of tnrveliivg 

grate furnace or batch air ovea 

and raise to C. at 5<* C Anin. 
2. 360^ C. for 30 min. (Binder bum- 

out). 

3. Cool to room te mpe r atnw 9 3 

^Anin 



Blank ceramic tape per material 
spe ci fi c a t i op . 

Foma via holes by mechamcal 
f**'iH*inC or laser drilling 
Taal (scseen or other technique) 
via filliitf paste in via holes, per 
material spccificatioiis. 
Print conductive traces, per 
materia] qwrifieations 
50» CO 500-1000 psi for 30 



Firing scbednle for 7 layer 2*^651 
samples 

1. Room Cemperatiire (id) to 350* C. at 

in* O Jnm 

2, 350" C. for 55 mm. (bisder bmn- 

out) 

3. 350" C. to 550* C. at 10" CymuL 
4.950'C.lbr30.0mfaL 
5. 950" C. to 840» C M 10» C/min. 
6l 840P C. to 5C0- a at 6.5* CAnuL 
7. 500^ C. to BTat CAom. or 
less. 

All tenpeiatuies aie i5* C, aU lamps 
am ±10%. 

Hring schedule for larger pans 
will difEer £ram tfae above •eh*^ i lf 
as follows: 

Larger and Ifakker parts nood slower 
ramp up times and longicr binder 
bnr&out times (these times must be 



Flgmc 

Nnmber Step DcscriptiDn 



4K Apply solder glass 



10 



4K fte-ghue solder 
glata 



IS 



4L 



20 



4M 



4N 



' CaOtodeFnme 

Vue Cathode 

Tncarbftiwlft on 
Cathode 



determined for each ipedfic port). 

1. Screes prim CV120 Owens IIUamB 
solder glass (-325 mesh) onto 
parts to bejoiDBd; anode, grid 
(both adesX ^ad cathode. 

1 1:^ at 100" C. widi IR lan^ for 30 
min. 

3. Repeat pfooess util a .004 In 
layer is bwit op. 

1. Place part on grate of traveling 
grate fmnace or batch air oven 
and raise to 3€0* C at 5* CVmin. 

2. 360* C. for 30 mia (Binder bam- 
out). 

3. Cool to room t tmpua t u i e 9 3 

•CAxrin. 
Attach cathode frame to cadiode 
bacl^late. 

Attach cathode wires to cathode 



Electiophocesds (or ottier 
^deposition) ctf tricarboaate or 
bicarbomto ooto cathode wires. 



25 



Faceplate Assembly 

4P Apply Solder Ohss Apply solder glass to seal area od 

focq>bte (See 41, above). 
4Q Fto-gfaBeSokler (See 41, above). 
Glass 

4R i^iply Phosidiais ' Deposit (^ screen priotiiig, or 
30 odier jdiotoliAogiaphic tecfani^iK) 

phospbors fari^l dots on anode 
side of focephte. 

4R Aiply Lacquer Spray acryliclacq«r fihn over 
j^iofiphors 

43 Alnminize Screea Cover pbosphor with thin laytf of 



35 



Assembly 



40 



4T 



4T 



^Assembk 



Fbiming Cathode 



45 



50 



55 



4T 



4U 



60 



4V 



65 



4W 



A^cmmi Bake-Out 



Assemble lUie 



Seal Solder Obss 



Process Getter 



Assemble cathode, grid and gf^yfe 
with suitable jigs, fixtures, 
boUii^ parts to be joined apart. 

1. Place part in a vacuum fomace. 

2. Pmnp vacuum station to 5 x 

10-' Iber. 

3. RT to 300* C. at 5' Cymin. 

4. Apply 1/10 cf cathode operating 
. voltage in step ^tshion. Allow 

the vacuum pressure to stabfize 
for 2 min. before advancing to 
the next voltage step. 

5. At .6 of the cathode operatix^; 

voltage bold for 10 aan. until 
color stabilizes. 

6. Advance voltage in sttfs of 1/10 

of cathode operating voltage up 
to tbe cathode operating voltage. 
Allow tiie color and vacuum to 
stabifize befoie advaneiqg to 
next voltage step. 

7. IVim off power to cathode. 

1. Oatgaa tube at 300*^ C. until 
pressme stabilized at 1 x 

2. Continue to oitfgas far 1 hour. 
Bring together the caOwde/back 
plate assefflbly, die addressing grid 
and tfae arxxfe/fiice phie far 
joining. 

1. Beginning tfrmp ^ . ni n fi^ to 450* C. at 

S* CAnin. 
Z450*C.for30mnL 
3. 450* C. to room temperature at 

5*CAnia 
Process flash getter by appBcation 
of prescribed voltage. 
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TABLE l-contiiiued 



Figure 




Nudbcr Step Descr^Jtsm 


Process sndMateiials 


4X Attach ASICs 


Oosncct ASIC dxivezs to oampleted 




assembly, with ctectzical contact to 




conductive traoes« vias aivl busses. 



An important aspect of foruLation of ceramic substrates by 
co-liring green ceramic tape is that many of the processing 
stq)s in the fabrication of multilayer co-fired ceramic sub- 
strates acc(Hding to the invention are independent of the 
materials in the finished ceramic substrate. As noted above, 
green ceramic tape is easily workable so that the formation 
of vias is performed readily, independent of the c^amic 
and/or glass materials in tiie tape. The application of the 
metallization paste to fill vias and form metallization on the 
surface of the green ceramic tape is also independent of the 
materials used in the green ceramic t^e and the metalliza- 
tion paste, as is the lamination of the sheets of ceramic tape. 
Material dependency first manifests itself in the firing step, 
where furnace atmospheres and temperatures vary according 
to the material compositions of the ceramic tape and met- 
allization paste. 

Further, the cost of tooling and the forming of vias in 
green ceramic tape is declining rq)idly, thus making use of 
ceramic substrates for flat panel display baclq}lates increas- 
ingly cost effective. For instance, laser drilling of vias in 
green ceramic tape offers a high throughput without requir- 
ing custom tooling. Programmable gang punch tooling can 
be used with some ceramic substrates to increase the rate of 
via formation. 

Though use of ceramic substrates as fiat panel display 
baclqplates necessitates high predictability of features, for 
some displays, this may not necessitate use of a material 
having precise predictability of feature location. As noted 
above, a fiat panel display according to the invention that 
includes a backplatc made of a co-fired ceramic substrate 
can also include either a thermionic cathode or field emis- 
sion cathode as a source of electrons for the display. If the 
display includes a thermionic cathode, the feature location 
tolerance of the substrate may be larger for some thermionic 
cathode structures, since high density thin film structures are 
not being formed, as is necessary with field emission cath- 
ode displays. Some thermionic cathodes may require precise 
locations since they may be very small and require precise 
focusing to work properly. Consequently, ceramic and glass- 
ceramic materials having a feature tolerance as high as 
0.1-0^% can be used, and appropriate tediniques used to 
accomodate the feature location uncertainty. For example, 
capture pads which make electrical connection to features on 
the substrate from off-substrate electrical components can be 
made large enough so that the capture pad covers all possible 
locations of the feature, thus ensuring that electrical con- 
nection will be made. Or, if the feature unpredictability is 
manifested as a magnification effect (i.e., umform shrinkage 
throughout the substrate), then the substrate and mating 
conq^onents on which the capture pads are formed can be 
*tunned" (i.e., separated according to magnification) and 
matched together so that parts with approximately the same 
magnification are assembled together, thereby achieving the 
desired level of feature prcdictabiliQ^. Thus, in these 
examples, existing ceramic materials, such as alumina 
ceramic or a magnesium cordierite ceramic can be used in 
the ceramic substrate. 

If the display includes a field emission cathode, then the 
density of the required thin film structures preclude the use 
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of the above techniques and necessitate that the substrate 
feature locations be precise. Additionally, die ceramic sub- 
strate must have a surface (that, in the display, faces into die 
sealed enclosure of &e display) diat is suffidendy flat and 

S smooth, Le., a surface roughness of 2-6 microinches and a 
flatness variation of 1-2 mils, to enable thin film deposition 
on the ceramic substrate suiface. A smooth surface is also 
necessary to prevent bum-outs in the electroluminescent 
film of TFEL displays, 

^0 Polishing or glazing of the surface of the ceramic sub- 
strate is often required to achieve an adequately smooth 
surface. For exan^e, the suiface of a ceramic substrate 
according to Che invention can be glazed with a glass coating 
that is spuD-on and fired, filling the pits and voids in the 

1^ cenunic substrate suiface and providing a smoofli suiface for 
thin fihti fabrication. Hiis glass coating can also provide an 
effective insulator hairier layer if necessary. Such a glass 
coating is commercially available from Dow Coming. Coat- 
ings of 0.5 to 2^ microns thickness can be applied. The gilass 

20 coating is patterned and dry etched using a photoresist 
process to produce bevel edged hdcs down to the conduc- 
tive vias. The coated ceramic layer is then fired. 

Altemativdy, the ceramic can be polished using standard 
lapidary tedmiques. 

, A variety of materials can be used for backplate ceramic 
sut>strates according to the invention. In one embodiment, a 
co-fired ceramic substrate according to the invention is made 
of alumina ceramic. Ttmgsten or molybdenum metallization 

^ is formed on the suiface of layers of multilayer substrates 
made of alumina. The alumina can be a high teniperature 
co-fired ceramic (HTCC), fired at a temperature typically 
above 1500° C Alumina offers excellent electrical proper- 
ties and good electrical insulation. Alumina substrates can 
be produced at low cost and with high conductor density on 
layers of the substrate. Alumina substrates also have high 
strength. 

To reduce stresses associated with differential thermal 
expansion of the facqslate and bac]q>late, it is important to 

4Q match the CTEs of the facq)late» side walls and badqplate as 
closely as possible. In one embodiment, the CTE of an 
alumina ceramic substrate badq)late is approximately 69 
points (ie., 69x10"^ inchcs/(inchx** C.) for temperatures 
between 25° C. and 450° C. In this embodiment, die 

4^ faceplate and side walls are made of a glass having an 
approximately equal CTE, such as Q10005 from Sem-Com 
in Toledo, Ohio. 

As previously noted, it is important for some displays that 
one or more surfaces of the backplate be flat and smooth so 

so that metallizadon can be formed on the baclsplate surface 
using thin film deposition. One way to achieve a flat and 
smooth surface on a co-fired ceramic substrate is to glaze a 
layer of material on the substrate surface that can be polished 
to the requisite smoothness in the area in which it is desired 

55 to deposit the thin film metal. For an alumina ceramic 
substrate, the glazing material can be a glass that is a 
con]|>osirion such as calcium oxide, aluminum oxide and 
silicon dioxide. The glass glaze can be diosen so fliat the 
glass glaze has a CTE that approximately matdies the CTE 

60 of the alumina c^amic, is mechanically strong and can be 
fired at temperatures below 1250' C 

In another enibodiment, each of the layers of a multilayer 
co-fiied ceramic substrate according to the invention are 
made of magnesium oordiedte glass ceramic on which 

65 copper metallization is formed Ceramic substrates of this 
type are available from IBM, e.g. IBM's ES 9000 substrates, 
la ceramic substrates of this type, good feature accuracy 
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(i.e., tight feature tolerance) can be adueved, i&, voy ti^t 
tolecance (0.1%) on via positions and less than 02% xy 
shrinkage areioutinety achieved in high volume production. 
Further, constrained sintering may be used to achieve even 
Iowa feature tolerance. Addition^, the defect (e.g., pores) 
density is sufficiently low so that good flatness and surface 
finish are achieved, thus allowing thin film metallization to 
be applied directly to the ceramic surface. 

The fabncation and handHag of voy thin (less than 15 
mils) and large (up to 350 mm in either width or length) 
multilayer co-fiied substrates made of this material has been 
accomplished; therefore, ceramic substrates made of diis 
material are suitable for use with large flat panel displays. 
This material is commcrdaUy available firom the IBM 
Ceramic Packaging Business Unit of East Hshkill, N. Y 

Hie coefficient of thermal expansion (CTE) of this mate- 
rial is relatively low (approximately 30 points), and was 
chosen to be dose to that of silicon (approximately 2S 
points) to provide high rdiability of cidp bonding to the 
ceramic. The match of CTE's also allows larger (and, thus, 
denser) chips to be bonded to the ceramic. Further, it may 
also be possible to use glasses (e.g., borosiHcate glasses sudi 
as Pyrcx and Kimax) that have a CTE close to CTE of the 
IBM magnesium cordierite material for the facq>late of the 
display. Matching of the CTEs of the faceplate and badqplate 
reduces stresses that can otherwise arise as a result of 
differential thermal expansion of the faoqilate and back- 
plate. 

The IBM magnesium cordierite material can also be 
polished to a very high surface finish d&at meets the finish 
required for field enoitter and EL display fabrication. 

As discussed above, one of the limitations of conventional 
ceramic substrates when used for backplates of large flat 
panel displays is that shrinkage of the ceramic can result in 
unacceptably laige movement of feature location from the 
required location. Typically, conventional commercial 
ceramic layers (such as are available from Coors Electronic 
Co., Alcoa or Kyocera) can shrink during firing so as to 
produce an uncertainty regarding the final position of any 
particular feature on the substrate of 0.5% or more. Further, 
mechanical punching of via holes and screening of conduc- 
tive and dielectric thick films on the ceramic layers can 
result in additional distCBlion in the ceramic layers, which 
can fiirthca* increase the uncertainty of feature locations. 
Conventional ceramic substrate shrinkage results in, at best,' 
±QA% feature unccxtainty, inadequate for some flat panel 
displays. An order of magnitude gain (to a feature location 
tolerance of ±0.01%) is needed to achieve the required 
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porous, the degree of porosity being controlled by die ratio 
(both volumetric and density) of glass to ceramic tnatiTiat 
The degree of porosity can be controlled to form a closed 
pore material, if desired or necessary. However, the ^ass- 
to-ceramic ratio is kept suffidenfly small so that shrinkage 
of the gjass on firing does not become unacceptaUy large, 
resulting in shrinking of die ceramic substrate. 

As the name implies, ZST ceramic has neariy zero shrink- 
age tolerance upon firing. In one embodiment, a ZST 
ceramic for use widi the invention has less than 0.5% 
shrinkage after fixing and an 0.01% shrinkage ancectaiiity 
(feature location toloanoe). Thus, as can be seen, fids ZST 
ceramic achieves the feature location tolerance fliat is nec- 
essary in flat panel displays. 

The ZST technique has been demonstrated to allow the 
fabrication of materials with a wide range of properties. 
Since die ceramic matrix laced through the glass determines 
the size and thickness of die ceramic sheet, many diffo^nt 
glass binders can be used. The properties of these binders are 
strong determining factors for the processes and process 
materials that can be used to make substrates. The glass 
matrix is chosen to sinter well below the fixing range of the 
filler and to be of such a con^x)sition as to minimize 
reactions between the ceramic and glass phases. Since the 
firing temperature is low compared to that at which the 
ceramic filler was originally formed^ the ceramic does not 
change its character to any significant degree during firing. 
This means that the ceramic and glass phases can be varied 
independenfly of one another. There arc a very wide range 
of glass compositions available, and by judicious dioice of 
glass and ceramic, a very wide range of properties in die 
fired material can be achieved. For example, die properties 
of the ceramic can be adjusted in a desired direction by 
proper choice of the properties of die glass. Materials widi 
varying conductivity, piezoelectric properties, CTE. strengdi 
and tou^ess can be formed. 

The ZST ceramic can be manufactured to have a desired 
CTB. ZST ceramics have been produced that have CTEs 
between 54 and 119 points. For exani^le, the CTE of the 
ZST ceramic can be matched widi the CTE of conventional 
glasses, e.g., float glass which has a CTE of 90 points, used 
for display faceplates by varying the ratios of the various 
alumina, glass and other constituents in the ceramic formu- 
lation. By matching the CTEs of the bac^late and faceplate, 
stresses at the region of the seal between the backplate and 
faceplate, that may otherwise arise due to different amounts 
of e^ansion and contraction of the backplate and faceplate 
upon heating and cooling, are reduced or eliminated, result- 



feature location tolerance of approximately 1 mil throughout 50 log in a display with greater structural integrity. 



a 10 indi diagonal ceramic substrate. 

In another embodiment, die co-fired ceramic substrate 
according to the invention is made of a zero shrinkage 
tolerance (ZST) ceramic available as '^ST Green T^** 
from Ragan Technologies, Inc. of San Diego. For multilayer 
substrates made of ZST coamic, metallization on the sur> 
face of layers of the substrate can be formed of, for exaxxiple, 
silver. The ZST ceramic is a filled glass ceramic Ceramic 
panicles are dispersed in a continuous matrix within a glass 
having a lower melting point than die ceramic materiaL The 
ceramic and glass are fired to a temperature higher than the 
melting point of die glass and lower than melting point of the 
ceramic, so that the glass melts, wetting the ceramic par- 
ticles. When die glass and ceramic are cooled, they solidify, 
the glass bonding the ceramic particles together. Since the 
firing temperature is sufficiently low, die matrix, of ceramic 
particles does not change size. The resulting structure is 
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FIG. 5 is a cross-sectional view of flat panel display 500 
according to another embodiment of the invention. Flat 
panel display 500 is similar to flat panel display 250 of FIG. 
2E with addidonal integrated circuit chips 504, other than 
driver cliips 204, attached to suiface 25L/ of hackplatc 251. 
Chips 504 can be, for instance, chips on which 
microprocessor, peripheral (e.g., RAM, docking, modem) 
or interface drcuitxy is formed. Thus, the flat panel device 
capabilities can be augmented without increasing the size of 
die device. Chips 504 are attached to suiface 2Sld of 
backplate 251 in the same manner as die driver chips 204. 
Mounting of diips 504 to backplate 251 eliminates die need 
for additional printed circuit boards (PCBs) for mounting 
chips 504, thus decreasing the thickness of display 500. 

Active matrix displays, in which an addressing stnicture 
is f<^med at the location of each display element, have high 
image quality and are well-suited for use as large flat panel 



09/12/2003, EAST Version: 1.04.0000 



5,6{ 

23 

displays. ConventionaUy, active matrix displays are made by 
fabricating amorphous or polysilicon tfain film transistors 
CIFI^) directly on the display backplafe at cacli pixel 
location at the junction of row and column control lines. 

such a setup, each pixel st ays o n for an entn« frame 
time. However, Uie addition of TFTs at each row/column 
junction adds to the complexity of the manufacturing 
process, therctyy drastically decreasing the overall produc- 
tion yield of displays made in this manner. If even one of the 
IFTs is defective, the entire display must be scn^ped. 

FIG. 6 is a cross-sectional view of flat panel display 600 
including backplate 251 made of a ceramic substrate and 
substrate 601 on which active matrix addressing elements 
604 are formed. Active matrix addressing elements can be, 
for example, thin film transistors formed in surface 601a of 
substrate 600. Flat panel display 600 is similar to flat panel 
display 250 of FIG. 2E, and like dements are labelled with 
the same numerals. In flat panei display 600, rather than 
fabricating active matrix addressing elements 604 on back- 
plate 251 as in previous active matrix displays, active matrix 
addressing elements 604 are fabricated on substrate 601. 
Substrate 601 is attadied to surface 251d of backplate 251 
by solder bumps 209. Active matrix addressing elements 
604 are electrically connected to individual display elements 
(not shown) within enclosure 203 by metallization, e.g., 
trace 602, fonned on surface 601a of substrate 601, soldex 
bumps 209, traces 251/foimed on surface 251^ of badqplate 
251 and vias 251c. 

Substrate 601 can be produced indqjendcntly of die 
remainder of display 6f0. Thus, active matrix addressing 
elements 604 on substrate 601 can be tested before attach- 
ment of substrate 601 to baclq)late 251, enabling defective 
substrates 601 to be scrapped without need to scrap &e 
entire display 600. 

FIG. 7 is a cross-sectional view of a flat CRT display 700 
according to another embodiment of the invention. Flat CRT 
display 700 includes faceplate 702, baclplate 701 and 
addressing grid 707. Faceplate 702 and bac]q>late 701 form 
a sealed enclosure 703. Emissive elements (not shown) are 
formed on interior surface 7016 of baclq)latc 701. The 
emissive elements can be a the thermionic cr field emission 
cathode. One or more emissive elemrats correspond to each 
of a plurality of pixel locations on faceplate 702. A flow of 
electrons is emitted from the emissive elements toward the 
phosphor coated interior surface of faceplate 702. Address- 
ing grid 707 is used to control the flow of electrons from the 
emissive elements so that only desired pixels are lighted on 
faceplate 702. Addressing grid 707 can also be used to, for 
instance, focus the flow of electrons. Use of an addressing 
grid sudi as addressing grid 707 is described in more detail 
in commonly owned, co^nding U.S. patent application 
Ser. No. 08/012,297, filed Feb. 1, 1993, entitled "Grid 
Addressed Field Emission Cathode,** the pertinent disclo- 
sure of which is herein incorporated by reference. 

Integrated circuit chips 704 on which driver drcuitry is 
formed are attached to exterior surface 701c of backplate 
701 using, for instance, the C4 or TAB interconnection 
techniques. Bond pads on integrated circuit chips 704 are 
electrically connected to bonding locations on exterior sur- 
face 701c. Electrically conductive vias 701d and electrically 
conductive traces 701e formed within badq>late 701 elec- 
trically connect the bonding locations on extericr suzface 
701c to bonding locations formed on interior surface 70V 
diat is substantially parallel to, bat not coplanar with, 
interior surface 701&. Bonding locations on addressing grid 
707 are electrically connected to the bonding locations on- 
interior surface 70 Ifby, for instance, brazing cr conductive 
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fdt Therefore, the driver eiiaiitry on integrated circuit chips 
704 is electrically connected to the addressing grid 707 so 
that the driver cucdtiy can be used to control the addressing 
grid 707, as discussed above. 

s Though not shown in FIG. 7, spacers can be used to 
support faceplate 702 against grid 707, and to siq)port grid 
707 agamst bac^late 701, in a manner similar to that 
described above with respect to FIGS. 2A and ffl. 
Backplate 701 is a co-fired ceramic substrate that can be 

IQ formed with any of the materials and processes described 
above. In order to create Ae step change between interior 
surfaces 70U> and 701/, a rectangular hole is formed, by for 
instance, stamping, in one or more of the ceramic layers of 
the baclqplate 701 before the ceramic layers are laminated 

15 togethcL Hie waU portions 701ii of baclq>late 701 can be 
fonned from ceramic layers in the same manner (i.e., 
stamping an appropriately sized hole in the ceramic layers 
before lamination) and laminated and fired together with the 
remainder of backplate 701 to form an integral structure. 

20 The wall portions 701a are attadied to faceplate 702 with Mt 
glass 710 to form sealed enclosure 703. Alternatively, the 
wall portions 701a can be formed separately from bac^late 
701 (as in FIGS. 2A and 2B above) and attadied to both 
faceplate 702 and badcplate 701 with, for example, £rit glass. 

25 finportandy, addressing grid 707 does not extend outside 
of sealed endosure 703. Thus, sealing tiie enclosure 703 is 
simplified since there is no need to provide a seal at points 
where addressing grid 707 would leave the enclosure 703. 
Farther, addressing grid 707 itself does not have to be an 

30 airti^t structure, a diaracteristic that would otherwise be 
necessary to maintain the seal of endosure 703 if addressing 
grid 707 extended outside of enclosure 703. Additionally, 
addressing grid 707 can be thinner tiian would otherwise be 
necessary if addressing grid 707 extended outside of enclo- 

35 sure 703 since addressing grid 707 need not be strong 
enough to withstand inadvertent impacts. It is desirable to 
make the addressing grid 707 thinner because it is easier to 
get dectrons through the addressing grid 707. 
FIG. 8 is a cross-sectional view of flat reflective LCD 800 

40 according to anoflier embodiment of the invention. Face- 
plate 802 (typically made of glass), transparent dectrode 
810 (described further bdow), side walls 805 (rpade of, for 
instance, a hardened epoxy), and badsplate 801 (made of a 
co-fired ceramic) form a sealed enclosure 803. Endosure 

45 803 is filled with a scattering type of liquid crystal material 
such as a polyma dispersed liquid oystaL IVan^arent 
electrode 810 is made of indium tin oxide (ITO) and is 
formed by, for exan^^le, sputtering on interior surface 802a 
of faceplate 802. Row electrodes, e.g., row electrode 811, 

so are made of a reflective metal sudi as aluminum or chro- 
mium and are formed by, for example, evaporation or 
sputtering, on interior surface 801a of badq>late 801. 
Between the row dectrodes, large area electrodes 815 are 
formed from die same reflective metal, which will be 

55 switched by the TFT's to apply voltage to the LCD material 
to cause lig^t modulation. Insulating pads, e.g., insulating 
pad 812, are made of, for cxaniple, silicon dioxide or silicon 
nitride and arc fanned by, for example, chemical vapor 
deposition on row electrodes, &g., row dectrode 811. Thin 

60 film transistors, e.g., thin film transistor 813, arc made of, for 
exaiople, amorphous silicon and are formed by, for example, 
chemical vapor deposition on insulating pads, c.g., insulat- 
ing pads 812. Column electrodes, e.g^, cohmm dectrodes 
814, are made of a metal such as aluminum or nicfaromc and 

65 are fonned pezpendiculariy to the row dectrodes, e.g., row 
dectrode 811, by, for cxaix^le, evaporation or sputtering so 
that column dectrodes, eg., column dectrode 814, cover 
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thin film traosistars, e.g., thin film transistQr 813^ Each walls 1%0S, faceplates IMl and lOU, and substrate 1002 

oombmation of a row and cQbmm dectiode and switched are attached to each otiier with, for example, a frit gjas to 

dectrode, e.g., row and column electrode 811 and 814 and fonu sealed endosures 1003 and 1013. Though not shown, 

switched dectrode 815, oonespoods to a pixel of display if necessax7, spacers are fonned between facq}latc 10#1 and 

800. j substrate 1002, and between faceplate 1011 and substrate 

Integrated drcoit chips, e.g., integrated circuit chip 804, 1002. 

are attached to exterior suifkce 8016 of backpilatc 80L At Separate light producing structures can be provided on 

least s(m& oitbt integrated circuit chips are driver chips that either side of substrate 1002, e.g., thermionic or field emis- 

arc used to address tfie row electrodes, e.g., row dectrode sion cathodes, within cndosurcs 1003 or 1013. Each of the 

811. The integrated circuit cfa^ are attached to badqplate producing structures are addressed by one of driver 

801 by, for example, C4 bonding. The integrated circuit chips 1004a, 1004^, 1004c or 1004J. The driver diips. c.g., 

chi^s, e,g., integrated circuit chip 804, are ele<^cally cod> driver diip 10046, are dectricaUy connected to the light 

nected to the row dcctrodes, c.g., row electrode 811 by producing structures within the endosurcs, e.g,, cndosme 

dectrically conductive vias, e,g., vias 806 and 808, and 1013, by electrically conductive vias, e.g., via 1002c, 

dcctrically conductive traces, eg., trace 807, fonned in fonned in and electrically conductive traces, e.g., trace 

backplatc 80L A voltage is applied to the row and column 1002J formed in or on substrate 1002, in a manner CTinllflr 

dectrodcs, e.g., row and column dectrodcs 811 and 814, by to those descnbed in the above embodiments, 

the driver chips and tliin film transistors, e.g., thin film In some flat panel devices according to tiie invention, 

transistor 813, switch dectrode 815 to apply voltage to the excessive heat build-up may be of great concern. A ceramic 

liquid crystal. light is reflected fi^om regions of the display substrate according to die invention that has multiple layers 

depending on the voltage applied to the row and column can be formed with diaimels within the substrate that allow 

dectrodes, e.g., row and column dectrodes 811 and 814, at for passage of a fluid (e.g., air) dirough the backplate to aid 

any given pixel in the removal of heat from the flat pand device. FIG. 11 is 

FIG. 9A is a side cross-sectional view, in the direction of a cross-sectional view of flat panel display 1100 including 
section 9B— 9B of FIG. 9B, of flat LCD backlight 900 25 hadqplate 1101 in whidi channels UOla are formed to allow 
according to another embodunent of the invention. FIG. 9B coding fluid to pass within backplate UOl. Channels UOla 
is a plan cross-sectional view, in the direction of section can be formed by stamping or other qipFopriate mefliod in 
9A^9A of FIG. 9A, of flat LCD backlight 900. Facqdate interior layer UOl^ of badqilate 1101 during the formation 
902 and badqplate 901 f onn a seded endosure 903 that is of badq)late 1101 as a multilayer ceramic substrate. It is to 
hdd at a vacuum pressure that is conventional for fluores- 30 he understood that any number of rhannftiy can be formed in 
cent tubes. A gas such as helium or neon is wifliin endosure any desired pattern through any number of laycis of a 
903. Cathodes 906a and 906b are formed of a metd sudi as multilayer ceramic substrate to form a bac^late similar to 
nidcd and extend flirough badqilate 902 into endosure 901. backplate 1101 that provides a means for coding the back- 
Each of cathodes 906a and 906b are dectrically connected plate. 

to a connection pad, eg., coimection pad 901a, formed on 35 In the above embodiments of flat pand displays according 
exterior surface 901rf of backplate 901 by dectrically con- to the invention, the faceplate, backplate and addressing grid 
ductive tracc{s), c.g. , trace 901c, and electrically conductive (if present) have been planar. According to the invention, die 
via(s), e.g., via 901b- Voltage sources (not shown) are backplate, faceplate and addressing grid can also be made 
electrically connected to the connections pads so that a curved — either concave or convex — if desired, 
voltage can be applied to cathodes 90da and 906b. An AC 40 FIG. 12 is a simplified cross-sectional view of flat pand 
voltage is applied to each of cathodes 906a and 906b. display 1200 according to another embodiment of the inven- 
niustratively, the potential difference between cathodes tion in whidi faceplate 1202 and backplate 1201 arc curved 
906a and 906* is approximatdy 1000 volts. The cathode With side walls 1205, faceplate 1202 and badq)late 1201 
voltages excite the gas within enclosure 903 causing ultra- form scaled endosure 1203. Driver chips 1204 are attached 
videt light to be created and directed toward the interior 45 as dcsaribed above to exterior surfece 120U> of backplate 
surface 902a of faceplate 902. When the ultraviolet tight 120L Other than the curvature of faceplate 1202 and back- 
strikes phosphor coated on surface 902a, the phosphor emits plate 1201, flat pand display 1200 is constructed and 
light Unlike previous LCD bacldights, in which the voltage operates in flie same manner as dcsaibed above for other 
sources are mounted on a portion of die baclqplate which simflar flat pand displays sudi as flat pand display 200 of 
extends beyond tiie backlights side walls, the vdtage 5Q FIG. 2A. 

soOTces in LCD baddight 900 can be mounted to exterior Generally, for displays in whidi a curved faceplate and 

sirface 90 W of badcplate 901, thus allowing LCD baddight badjplatc are necessary (sudi as simulators or virtual reality 

900 to be made smdler than previous LCD backlight dispUys) the curvature of the diqday wifl be suffidentiy 

Baclqplate 901 is a co-fired ceramic substrate fliat can be large so tiuit the curvature is not an impediment to mounting 

formed with any of the materials and jffocesses described 55 integrated circuit chips, e.g., driver chips, using mounting 

above. In «dcr to create the serpentine path of endosure techniques such as solder post C4. If the radius of 

903, a hole having the desired shape is formed in one or curvatore of tiie flat panel display is smaU enough such tiiat 

more of the ceramic layers of die badqdate 901, by, for the mounting of integrated ckcuit chips cannot be done 

instance, stan^dng with a patterned die, before the ceramic using conventional mounting techniques, then flie backplate 

layers are laminated together. Altcraativdy, waU portions « can be formed witii flat areas where the chip wiD be 

901tf and 901/ of badiplate 901 can be formed sqwratdy mounted. Such a backplate can be formed by molding the 

and attached to base portion 901^ of badqxlate 901 with a badqplate with flat areas or grinding flat areas into an 

suitable adhesive. existing baccate. The flat areas are formed after me 

FIG. 10 is a cross-sectiond view of two-sided flat pand ceramic is firal, but before any via plating. Additionally, if 

display 1000 acconUng to the Invention. Hat pand display 65 the chips are not mounted onto the back of the backplate, 

1000 has two facq)lates 1001 and 1011. Ceramic substrate but, rather, around thcpcriphay of the disphiy, the periphery 

1002 is disposed between facq)lates 1001 and lOlL Side can be formed widi flat areas for chip mounting. 
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' Where tfain film transistors are fonned on the backplate 
for use as drivers (or otherwise), the corvature of the 
baclqplate becomes an issue only insofar as lithography 
would need to be carried out on the curved surface of the 
backplate, something ^^ch is conentiy done Id traditional 
CKT phosphor manufecturing. 

The above-described ceramic substrates enable fabrica- 
tion of a backplate for a flat panel device that is superior to 
previously used glass bac]q)lates in terms of performance 
(i.e., hi^ processing temperature capability, ability to 
mount driver chips to an exterior surface of the bacjq>late), 
reliability and cost This co^amic advantage is expected to 
increase as materials and automation techniques are devel- 
oped to support the inylementation of larger displays. 

The present invention is not Urolted to the embodiments 
described in detail above. The cmmic substrate and other 
features of the invention can be used in many flat displays 
and other technologies such as integrated circuit multicfadp 
modules. Thus, while the invention has been described witfi 
respect to a ceramic substrate for a flat CRT display, the 
invention applies generally to any flat panel device in which 
a ceramic substrate can be used to reduce size, inqirove 
strength, improve reliability and decrease per unit cost The 
scope of the invention is limited soldy by the daims below. 

We claim: 

1. A flat panel device comprising: 

a badqilate which comprises a plurality of co-fired layers, 
including a ceramic first layer, the ceramic being zero 
shrinkage tolerance cetainic having a firing shrinkage 
of no more than 0.5%; 

a faceplate connected to the bad^iate to form a sealed 
enclosure; 

means for producing light; and 

means for controlling the light-producing means. 

2. A flat panel device as in daim I wherein the endosure 
is maintained at a pressure below standard atmosphenic 
pressure. 

3. A flat panel device as in daim 2 herein the pressure 
in the endosure is substantially at vacuum level conquied to 
standard atmospheric pressure. 

4. A flat pand display as in claim 1 wherdn the layers of 
the backplate indudc a ceramic second layer. 

5. A flat panel device as in daim 4 wherein the ceramic 
first and second layers adjoin each other. 

6. A flat panel device as in claim 4 wherein the layers of 
the badqdate indude a patterned dectrically conductive 
layer sandwiched between the ceramic first and second 
layers. 

7. A flat panel device as in claim 1 wherein the layers of 
the badq>late include an internal patterned electrically con- 
ductive layer that adjoins the ceramic first layer. 

S. A flat pand device as in daim 1 whmin the ceramic 
is zero shrinkage tolerance ceramic. 

9. A flat pand device as in daim 8 wherein the diannels 
are situated in material of the bac^late consisting primarily 
of ceramic. 



10. Aflat pand device as in daim 1 fisther Induding outer 
walls through which the bad[plate is connected to the 
faceplate. 

11. A flat panel device as in daim 1 wherein the lig(ht- 
5 producing means comprises; 

cadiode means fcH- emitting electrons; and 
Hght-emitting means for emitting light upon being struck 
by dectrons from the cathode means. 

12. Aflat pand device as in daim 11 wherein the cathode 
IQ means comprises a field emitter cathode situated witliin the 

endosure. 

13. A flat panel device as in» cLum U wherein the cathode 
means comprises a thermionic cathode simated within the 
endosure. 

14. A flat pand device as in daim 1 wherein conductive 
vias are located in the badbplate, eadi conductive via being 
an opening whidi extends at least partly through the back- 
plate and which contains dectrically conductive material 

15. A flat pand device as in daim 14 wherein the 
controlling means is dectrically connected to the light- 

20 {ffoducing means fluou^ the conductive vias. 

16. Aflat pand device as in daim 14 further comptising 
an addressing grid located at least partly within the 
endosure, flie controlling means being electrically con- 
nected to the addresring grid through the conductive vias. 

25 17. Aflat panel device as in daim 1 \^erdn the layers of 
the backplate include at least one internal layer of electri- 
cally conductive traces. 

18. A flat panel device as in daim 17 wherein the 
contcxdling means is electrically connected to flie light- 

3Q produdng means du'ou^ the traces. 

19. Aflat panel device as in daim 17 further comprising 
an addressing grid located at least partly within the 
enclosure, the controlling means being electrically con- 
nected to the addressing grid through the traces. 

20. A flat panel device as in claim 1 wherein the control- 
ling means is situated on or connected to the badq)late. 

21. A flat panel device as in claim 1 wherein the control- 
ling means comprises an integrated circuit chip that contains 
driver circuitry, the chip being attached to the baclq>late. 

22. A flat panel device as in daim 1 wherein the control- 
40 ling means comprises thin film transistors simated over the 

backplate. 

23. A flat pand device as in daim 1 wherein the control- 
ling means comprises: 

an dectrode array comprising a group of first dectrodes 
45 and a group of second electrodes that cross the first 
dectrodes; and 
driver circuitry situated over the baclqplate for driving at 
least one of the groups of electrodes. 

24. A flat panel device as in daim 23 wherein the drivo: 
^ circuitry comprises thin film transistors. 

25. A flat pand device as in daim 1 wherein the control- 
ling means comprises active matrix addressing dements. 

26t. A flat pand device as in daim 1 wherein the zero 
shrinkage tolerance ceranoic has a firing shrinkage tolerance 
^ ^ose maximum magnitude is approximately 0.01%. 
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